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hyr^U comprising: 
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catheter 
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apparatus. 



a flexi 
introduction into 

a flexi 
to said catheter me 
when said 
heating fil 
blood in sai 

temper 
appli 
bl 



catheter member adapted for 
essel of a patient; 

filament disposed with respect 
so^s no 'jJto touch the patient's blood 
5i?ted into a blood vessel, the 
yihg a predetermined quantity of heat to 
essel; and 

detecting means for detecting downstream 
s of said blood as a result of 
edetermined quantity of heat to said 
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30 6. 
heating fila 
30% iron. 




2 . An apparatus 
heating filament is compr: 
temperature coefficient oi 
said heating filament 
proportional to its temper 

3. An app_ 
heating filament 

heating filament excee 

4 • An appar 
predetermined resistan 
temperature of said h 
52°C. 



n cla^m 1, wherein said 
a marxerial having a high 
V whereby resistance of 
ional or inversely 



in claim 2, wherein power to 
when resistance of said 
etermined resistance amount • 

as in claim 3 , wherein said 
amountrVj is reached when the 
f il^m^Skt^f-eaches approximately 



5. An Apparatus as 
temperature coefficient of resi/sta 
is greater than /. 001 n/n- 0 c/ 




claim 2, wherein the 
said heating filament 



An apparatus as in claim 5 f wherein said 
is comprised of approximately 70% nickel and 
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7. An apparatus as in claim ^> , wherein said 
heating filament is comprised of approximately 29% nickel, 17% 
cobalt and 54% iron. 

8. An apparatus as in ^claim 1, wherein said 
catheter member comprises a substantially cylindrical body 
wall portion and an outer sheath, said heating filament being 
wrapped in a thin layer about saici body wall portion of said 
catheter member and enclosed by^/said sheath. 

9 . An apparatus a,s in claim 8 , further comprising 
a layer of material with a high thermal conductivity disposed 
about said heating filament so as to create a more uniform 
surface temperature . 

10. An apparatus as in claim 8, wherein said body 
wall portion has a reduced diameter in a region where said 

15 heating filament is^ wrapped therearound such that the 
resulting total diameter in saJ.d region is approximately equal 
to the diameter of/said bodyl wa^l portion in other regions. 

11. An apparatus as in claim 8, wherein said sheath 
is a flexible material formed by one of extrusion and blow 

2 0 molding. 
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An apparatus as in claim 8, wherein said sheath 

is a flexible material which shrinks to form-fit said heating 

/ 

filament apd said body wall portion when a sufficient quantity 
of heat i^ applied thereto. 

13. An apparatus as in claim 8, wherein said 

temperature detecting means comprises one of a thermistor and 

f 

thermocouple approximate to a distal end of said catheter 
member and disposed distally with respect to said heating 
f ilament . 
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14 . An apparatus as in claim 8 , 
temperature detecting means comprises one of a 
thermocouple disposed proximally with respect 
filament. 
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wherein said 



ermistor jptdTor' ^l/J 
said heating 



15. An apparatus as in claim 14, wherein a distal 

... _ ..„«„ _ 1 .„^ M ,„ 11 «. 

16. An apparatus as in cladm 1, further comprising 
at least one set of electrical leads^att ached to said heating 
filament at a first end thereof sp^as to apply power to said 
heating filament. 




17, An apparatus a^ in claim 16, wherein a second 
end of said set of electrical leads is connected^ a cardiac 



output computer which applies an appropriate power signal to 
said electrical leads when^aid predetermined quantity of heat 
is to be applied to said^ blc 



18. An apparatus as in claim 1, wherein 



catheter member has, 
heating filament is' 



^at least one lumen through which 
removably inserted . 



19. 



member and thin layer having 



is approximately ec 
one lumen, 

2 0. An 



said 
said 



An apparatus as in claim 18, wherein said 
2 0 heating filament 

substantially cylindrical supporting member, said supporting 



wrapped 



in 



a thin layer about 



>ined outer diameter which 



ri^ar-eonibi 

,1 to an fhner diameter of said at least 



apparatus 




in claim 19, wherein said 



heating ^filament ip approximately 5 to 10 centimeters in 
length ^and is disposed approximately 10 centimeters from said 
temperature detecting means during measurement. 
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21. \ An apparatus as in claim 1, further comprising 
calibrating me&ns for calibrating both said hfating filament 
and said temperature detecting means. 



22. Ala apparatus as in claim /21, wherein said 
5 calibrating means\ comprises a memory contained at a proximal 
end of said catheter member for Storing calibration 
information for erfcher said heating fytlament or both said 
heating filament anq said temperature/detecting means, 



23. An ap^ara; 
10 calibration informati< 
at a given temperai 
efficiency , temperatu: 
thermistor or thermocpui 



is as in /claim 22, wherein said 
:ludes heating filament resistance 
heating filament heat transfer 
coefficient of resistance and 
e information. 
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24. An apparatus /as in claim 22 , wherein said 
memory is connected to a \c4rdiac output computer and said 
memory further stores a piysbram /feectaent <y£ a program used by 
said cardiac output computer to ^iK^yJ^te cardiac output of 
said patient, whereby calculation of the patient's cardiac 
output cannot commence yuntil teaid cardiac output computer is 
connected to said memory dnd said program segment is 
transferred to said o4rdiac output computer. 



25. A 
comprising: 

a flex 
introduction in 
member having 

a l/i ex 
into said lumj&n 
said catheter me: 
in said bl 



temperatu 




ermodilution 



catheter 



apparatus, 



tubular catheter member adapted for 
blood vess el of a patient, said catheter 
^one iumer 





heating filament removably insertable 



id ^atheter member for applying through 

-i pyedeterjjined quantity of heat to blood 

ve/sselV 

temperature detecting means for detecting downstream 



variations of said blood as 



result of 
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application of said predetermine 
blood. 



thermodilution 
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£at to said 



cathete 



»mber 



rient j 



apparatus, 
adapted for 



26. 

comprising: 

a flexible tubular catheter mc 
introduction into a blood vessel of a pal 

a flexible! heating filament ciisposed with respect 
to said catheter member so as not to torch the patient's blood 
when said catheter member is inserted yanto a blood vessel, the 
heating filament applying a predetermined quantity of heat to 
blood in said blood vessel and beirig comprised of a material 
having a high temperature coefficient of resistance, 
resistance of said heating filament being proportional or 
inversely proportional to its /temperature ; and 

temperature detecting means for detecting downstream 
temperature variations! oy said blood as a result of 
application of said predatermine^SX quantity of heat to said 
blood. \f / 



27. An appc 
20 said heating filamei 

heating filament exceeds 



ppaara^ 
erit is 



ne^S\ quantit 



is as in claim 26 f wherein power to 
reduced when resistance of said 
predetermined resistance amount. 
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28. 

predetermined 

temperature of/ said heatin 
52'C. 



An/ apparatus as in claim 27, wherein said 
"esistance \ amount is reached when the 
filament reaches approximately 



2p . An apparatus I as in claim 26, wherein the 
teroperatui^ coefficient of resistance of said heating filament 
than 0.001 n/n-°c.\ 



30. An apparatus ks in claim 29, wherein said 
filament is comprised of approximately 70% nickel and 
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31. An apparatus 
heating filament is comprised o 
cobalt and 54% iron. 
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claim 



1 




the 



lodilution 




wherein said 
29% nickel, 17% 



heter 



apparatus , 



^jy^wpr ising : 

~y a flexible tubular cathetefr: member adapted for 

introduction into a bloody vessel of a patient; 

a flexible heating filament wrapped in a thin layer 
about said catheter member and enclosed by a sheath so as not 
10 to be directly exposed to plooo^n said blood vessel, said 
heating filament applying th^uai/^.d sheath a predetermined 
quantity of heat to the bloocft ijn said blood vessel; and 

temperature detecting means for detecting downstream 
temperature variations of Afeid blood as a result of 
15 application of said predetermined quantity of heat to said 
blood, 



20 



25 



30 



33. A 
comprising: 

a flexible 
introduction into a 
a flexibl 



therTti^dilution/^ catheter apparatus, 

/i / 

bular catlAter^inember adapted for 



>od vessel^of a patient; 



to said catheter memb^ 



eating filament disposed with respect 
so as not to touch the patient's blood 
when said catheter mfemb^r is inserted into a blood vessel, the 
heating filament arfplyiiig a predetermined quantity of heat to 
blood in said blood vessel; 

temperature detectind*means for detecting downstream 
temperature variations W / said blood as a result of 
application of/ said predetelrmined quantity of heat to said 
blood; and 

calibrating means\for calibrating both said heating 
filament an'd said temperature detecting means, said 
calibrating Aneans comprising \a memory contained at a proximal 
end of said catheter member for storing calibration 
informatioh for either said \heating filament or both said 
heating filament and said temperature detecting means. 



10 



20 



25 



30 



IFLO-0002 



* 




34. An 
calibration informal 
at a given tempera 
efficiency , temperat 
5 thermistor or thermoco 
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3 , wherein said 
ilament resistance 
ent heat transfer 
of resistance and 



3 5. An appar 
memory is connected to a 1 
memory further stores a p 
said cardiac output comp 
said patient, whereby c 
output cannot commence until 
connected to said memory 
transferred to said cardiac o 



15 vessel 



36. 
of a 




laim 33 f wherein said 
utput computer and said 
ent of a program used by 
cardiac output of 
n of the patient's cardiac 
d cardiac output computer is 
id said program segment is 
>ut computer. 



A method of Applying heat to blood in a blood 
a thermodilution measurement , 




patiept 
comprising the steps of: 

inserting/ a f Lfexib^e [tubular catheter member into 
said blood vessel off said pa^ 

removably inserting a flexible heating filament 
through a lumen of /said catheter member; 

applying! power to said heating filament so as to 
generate a predetermined quantity of heat; and 

applying said predetermined quantity of heat through 
said catheter membfer to blood in said blood vessel. 



steps of: 



37. 



f ormi'nc: 




ethod as/ in ciraim 36, comprising the further 



said heating filament of a material having 
a high temperature coefficient of resistance whereby 



resistance 



said heating filament is proportional or 



inversely prppoytional to its temperature and having a low 
thermal capafcitance and high thermal conductivity; and 
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reducing power to said 
resistance of said heating filament 
resistance amount. 
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filament when 
predetermined 



\f applying hear 
>r a thermodilution 



to blood in a blood 
measurement , 



38. A method 
vessel of a patient 
omprising the steps of: 

inserting a flexible tubular catheter member having 
a heating element disposed fc^eijeath an outer sheath thereof 
into said blood vessel of\sa 
expose said heating eleme 

applying power [to 




Patient so as not to directly 
to blood in said blood vessel; 
said heating element so as to 
generate a predetermined c^anti'ty of heat; and 

applying said predetermined quantity of heat through 



said catheter member to hli 



in said blood vessel, 
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20 



steps of: 



39, A method as i^i claim 38, comprising the further 

/ 



a high 
resistance 




of a material having 
of resistance whereby 
element is proportional or 
temperature and having a low 



forming said heat 
temperature <^oef f ic 
of said heat in 
inversely proportional/ to it 

thermal capacitance and high tihermal conductivity; and 

reducing power to \ said heating element when 
resistance of said /heating element exceeds a predetermined 
res istance amount * 
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40. A / method of thermodilution measurement, 
comprising the s^eps of: 

inserting a flexible/ tubular catheter member into 
a blood vessel ybf a patient; 

— insertiiKj ^ ^Lexiqle heating filament 




leter 



removably 
through a lum^n of said cat 

a PRlying power -to- said~*Tiea ting filament so as to 
generate a predetermined /quantity of heat; 

applying said predetermined quantity of heat through 
said catheter member to/ blood in said blood vessel ; and 
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detecting downstream temperature/variations of said 



blood as a result of 
quantity of heat to said 



application 
blood. 



of 



/ 



said 



predetermined 



41. A method as in claim 40, comprising the further 
step of calibrating said heating filament using a memory 
disposed at a proximal end of said /catheter member, said 
memory storing calibration information including at least one 
of heating filament resistance at a given temperature, heating 
filament heat transfer/efficiency, temperature coefficient of 



10 resistance and thermiitc 



42, 



A method as in 



ermocouple information . 

/ 

im 41, comprising the further 



steps of: 



and 



connecting said memory yto a cardiac output computer; 



15 



calculating cardiac ^output of said patient using 
said calibration information in said/cardiac output computer. 




T 




therm 



ut ion measurement f 



20 



4 3. A method < 
ising the steps of: 

inserting a flexible Ytubular catheter member having 
a flexible heating element /disposed beneath an outer sheath 
thereof into a blood vessel/ of a\patient so as not to directly 



/ 
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expose said heating element to 

applying power / to sai 
generate a predetermined/ quantit 

applying said predetermi 
said catheter member to/ blood in 

>wns 



ood i 



he 



detecting downstream ti 
a result of application 
quantity of heat to said blood. 



blood 



as 



said blood vessel; 
g filament so as to 
at? 

antity of heat through 
id blood vessel; and 
rature variations of said 
of said predetermined 



30 44. A method as j/h ^Laim 43, comprising the further 

steps of: 

storing ii4 a meiac^y^ disposed at a proximal end of 
said catheter member a program segment of a program used by 
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e cardiac output of said 




to said cardiac output 



a cardiac output computer to ca] 
patient; 

connecting said 

computer ; 

transferring said /pjfco^ram segment to said program 
of said cardiac output compnwgr/; and 

calculating the ccardlac output of said patient in 
accordance with said program /including^said program segment 
and said detected temperature variations. 
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